Background and objectives Living donor kidney transplantation, the treatment of choice for ESRD, is underused by women and blacks. To better understand sex differences in the context of potential barriers to living donor kidney transplantation, the Dialysis Patient Transplant Questionnaire was administered in two urban, predominantly black hemodialysis units. Results Women were less likely to want living donor kidney transplantation compared with men (58.5% versus 87.5%, P=0.003), despite being nearly two times as likely as men to receive unsolicited offers for kidney transplant (73.2% versus 43.2%, P=0.02). They were also less likely to have been evaluated for a kidney transplant (28.3% versus 52.2%, P=0.01). The multiple logistic regression analysis showed that sex was a statistically significant predictor of wanting living donor kidney transplantation (women versus men odds ratio, 0.13; 95% confidence interval, 0.04 to 0.46), controlling for various factors known to influence transplant decisions. A sensitivity analysis indicated that mode of administration did not bias these results.
Introduction
For the majority of patients with ESRD, living donor kidney transplantation (LDKT) is the treatment of choice (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . However, LDKT is underused by several disadvantaged groups, including women and blacks. Although Ayanian et al. (12) found that women (especially black women) were less likely to want LDKT, recent studies of patients presenting for transplant evaluation have found racial differences but not sex differences in wanting LDKT (2, 4, 7, (13) (14) (15) . It is possible that sex differences in wanting LDKT might be underestimated when only patients presenting for transplant evaluation are studied.
To better understand sex differences in the context of potential barriers to LDKT, we administered the Dialysis Patient Transplant Questionnaire (DPTQ) (16) in two urban, predominantly black hemodialysis units. The DPTQ was specifically designed to identify barriers to transplantation and living donor recruitment. Recent studies show the importance of studying center-level factors to better understand disparities (2, 15) . In fact, Weng et al. (2) suggest that single-center studies are almost requisite for studying barriers to LDKT because of the complexity of donor recruitment and conversion attitudes and behavior. In our study, all patients were eligible to participate in the study, regardless of their candidacy for kidney transplantation. We reasoned that the concerns and attitudes of both potentially eligible and ineligible LDKT candidates might help us develop targeted interventions designed to increase LDKT rates among black women and alleviate some existing disparities (17) (18) (19) .
Data Collection and Measures
The survey data were collected with the Temple University Hospital DPTQ, an instrument designed with questions validated in previous studies and questions developed by Gillespie et al. (16) . The DPTQ takes approximately 30 minutes to administer and is written at a 6th grade literacy level. It consists of 43 questions that assess demographic characteristics, social and emotional support, self-reported health, quality of life, effect of kidney disease, and views on kidney transplantation. Additional demographic, clinical, and transplant status data were extracted from the computerized medical record and merged with the survey data.
Analyses
SPSS (SPSS Inc.) (20) was used for the descriptive and bivariate statistical analyses. Stata (StataCorp) (21) and MATLAB (MathWorks) (22) were used for the multivariate analyses. The bivariate analyses compared all men and women on key demographic, health, and attitudinal variables shown to influence decisions about transplant. We also analyzed 78 patients ,70 years old separately, because we felt that this threshold was conservative, despite the potential benefits of renal transplantation over age 70 years (23) . To test for association between categorical variables, we conducted Fisher exact tests and chi-squared tests incorporating Yates correction for continuity as appropriate. For differences between means of continuous variables, we used two-tailed, two-sample t tests. For all tests, P value ,0.05 was considered statistically significant.
Multiple logistic regression was used to determine if the observed sex difference in wanting LDKT persisted with the following potential confounders controlled: age, marital status, education, insurance type (2, 24, 25) , peripheral vascular disease (PVD) documented by peripheral angiogram or limb bypass surgery, and survey administration mode. These predictors were selected as the best statistical predictors from an initial pool of potential predictors that also included functional status measured by burden of kidney disease (26), self-reported health (27) , recovery time (28), and nursing home residence as well as other comorbidities associated with LDKT underuse (14) and predictive of mortality (29) : coronary artery disease (CAD) documented by coronary angioplasty or coronary artery bypass and congestive heart failure (CHF) documented by an ejection fraction,50%.
For the multivariate analysis, we created a binary outcome variable (want LDKT versus do not want or do not know) and used the Akaike information criterion (AIC) (30, 31) To prevent overfitting (32), we followed the recommendation of Harrell (33) , restricted our attention to models with no more than three variables, and conducted an exhaustive enumeration of all such possible models.
Comparing patients with missing versus no missing data on each of the potential confounders revealed no differences in the explanatory or outcome variables. In fact, the proportion who wanted LDKT was identical in both groups. On determining that the selected predictors had no missing data, the best subset model selected by the AIC on the casewisedeleted sample of 89 patients was then fit to the full sample of 101 patients. The adjustment by Firth (34) was used to improve the AIC-selected model estimates, which is appropriate with small unbalanced samples.
To assess the stability of the multivariate results across model selection methods, we also estimated the models using a missing data-resistant internal validation approach (32) , which partitioned the data for all 101 patients into five independent training and test sets. In contrast to the first method, in which model size was restricted to no more than three predictors to avoid overfitting, the second method enabled us to train all possible models with two, three, four, five, and six predictors on each of five training sets, calculate the area under the receiver operator curve (AUC) of each model on the corresponding test set, and select the best model using the highest average AUC on the basis of five independent experiments. This method also enabled us to balance the accuracy of the estimates, avoid the bias caused by leave-one-out crossvalidation or evaluation of the training and testing models on the entire dataset, and minimize the effects of data discrepancies by ensuring that both testing and training sets had examples of both outcomes (35) .
Whereas the first approach specified a reference category for each predictor and compared each of the predictor categories to the reference category (e.g., less than high school and more than high school education were each compared with the high school reference category), the internal validation approach created dummy variables for each predictor category (yes=1 and no=0) and compared each category with all other categories (e.g., high school education compared with lower and higher levels of education and less than high school education compared with high school and more than high school education). We also combined insurance into three categories: (1) Medicaid only or Medicaid plus Medicare, (2) Medicare only, and (3) Medicare plus Health Maintenance Organization or private insurance. Only two patients had private insurance.
In addition to using two different but appropriate modeling techniques to investigate the stability of the multiple logistic regression results across modeling methods and although the chi-squared tests revealed no statistically significant association between mode of administration and sex (P=0.55), we conducted a sensitivity analysis to investigate the potential for social desirability bias (36) associated with interviewer presence and determine if there was a statistically significant interaction between sex and mode of administration (37) . Lastly, we performed a chi-squared analysis of the bivariate associations between the predictors selected for the multivariate analysis and wanting LDKT to further investigate potential confounders.
Results
Participants Tables 1 and 2 report sex-specific and overall demographic (Table 1 ) and health-related (Table 2) results for 101 black patients in the study. As shown in Table 1 , only 22.6% of women compared with 55.3% of men were married or living as a couple, whereas more women were widowed (32.1%) or never married (34%). In contrast, no statistically significant sex differences were observed in employment, education, insurance, religion, mean age, or percentage of patients age $70 years. The mean age for men was 57 years old (range=28-82), and the mean age for women was 61 years old (range=24-87); ,13% of the patients had a college-level education, and only 3% of patients were employed at the time of interview. The majority of patients had Medicare and Medicaid coverage (30.7%) or Medicare with a Medicare Health Maintenance Organization (27.7%). Only two (2%) patients had private health insurance. Most patients were Protestant (69.1%).
As shown in Table 2 , there were no statistically significant sex differences in ESRD diagnosis; the majority of patients had either diabetes (26.7%) or hypertension (29.7%). No statistically significant sex differences were observed in the type of hemodialysis vascular access, with the majority of patients having fistulas or grafts (73.3%). Only 20.2% of patients had been on dialysis for ,1 year, with equal proportions of men and women. All three nursing home patients were men. PVD was present in 17.8% of patients, CAD was present in 23.8% of patients, and CHF was present in 15.8% of patients, with no significant sex differences in PVD, CAD, or CHF. The median recovery time after dialysis was 2.5 hours (150 minutes), with no statistically significant sex differences.
No statistically significant sex differences were evident in self-reported health or perceived burden of kidney disease.
Attitudes toward Transplantation
Whereas 72% of the surveyed patients wanted LDKT, women (58.5%) were less likely to want LDKT compared with men (87.5%) (Table 3) . Similarly, only 56.6% of women wanted a deceased donor kidney transplant (DDKT) compared with 85.4% of men. Men were almost two times as likely as women to want a kidney transplant evaluation (75.6% versus 42%) and almost two times as likely to be evaluated (52.2% versus 28.3%). Women were also twice as likely to have changed their minds about wanting a kidney transplant compared with men (39.6% versus 16.7%). Although proportionately more men were on the kidney transplant waiting list at time of interview compared with women (31.3% versus 18.9%), the difference was not statistically significant.
As shown in Table 4 , when patients age $70 years were excluded from the bivariate analysis, the sex differences persisted. Although younger women were more likely to receive an unsolicited offer from a potential living donor than younger men (73.2% versus 43.2%), they were less likely to want either LDKT (65.9% versus 89.2%) or DDKT (58.5% versus 86.5%). Of the women who did not want LDKT, 71.4% received unsolicited offers for LDKT, whereas 25% of men who did not want LDKT received offers (P=0.25; not shown in the tables). Younger women were less likely to be evaluated (34.1% versus 63.9%) and less likely to want a transplant evaluation (48.7% versus 85.3%). They were also more likely to have changed their mind about transplantation compared with younger men (43.9% versus 13.5%). 
Multivariate Analyses and Sensitivity Analyses
To determine if the bivariate sex results were confounded by other factors, we used multiple logistic regression methods to select the best subset model for wanting LDKT among the pool of potential predictors. Table 5 reports the best-fitting model selected by two different but appropriate modeling techniques. The first method used the AIC to select the best subset model on the basis of the casewise-deleted sample of 89 patients and then fit this model to the full sample of 101 patients. The statistically significant odds ratios for both the casewise-deleted and full samples show that, after controlling for other potential confounders, black women were less likely to want LDKT compared with black men. This finding was supported by a sensitivity analysis that found no statistically significant interaction between sex and mode of administration when included in a model with only these two variables.
Although the odds ratio for PVD was not statistically significant in the full sample model (P=0.06), the statistically significant odds ratio for the casewise-deleted sample suggests that patients with PVD were less likely to want LDKT compared with those patients without PVD. Both models have adequate fit, which was indicated by the nonsignificant Hosmer-Lemeshow P values and AUC values over 0.70. Table 5 also reports the best internal validation model selected to maximize the AUC rather than minimize the AIC. Consistent with the AIC selection, the internal validation selection shows that black women were less likely to want LDKT compared with black men, as were patients with PVD compared with those without PVD. In contrast to the AIC selection, which was made on casewise-deleted data and restricted to a maximum of three predictors, the best model selected with the missing data-resistant internal validation method included marital status and education in addition to sex and PVD.
Patients who were married or living as a couple and widowed patients were less likely to want LDKT compared with all other marital categories, although only widowed patients (all women) had a statistically significant odds ratio. Although the odds ratio was not statistically significant, patients who completed high school were more likely to want LDKT compared with patients with less than high school or postsecondary education. Table 6 reports the bivariate associations between the variables selected for the multivariate analyses and wanting LDKT. Only sex had a statistically significant bivariate association with wanting LDKT.
Discussion
Our survey of 101 self-identified black patients with ESRD regarding LDKT found that women were significantly less likely than men to want LDKT. They were also less likely to want DDKT and less likely to be evaluated for a kidney transplant, despite being more likely to receive an unsolicited LDKT offer. Regardless of how we approached the multiple logistic regression modeling, sex was a statistically significant predictor of wanting LDKT. PVD and marital status were also statistically significant predictors.
Whereas our overall percentage of black patients interested in either DDKT or LDKT (72.3%) was almost identical to an earlier study (2), our study diverges from previous studies (2, 4, 7, (13) (14) (15) in that significantly more black men (82.8%) wanted LDKT compared with women (58.6%). Although there is some evidence that age may affect attitudes toward transplantation (2), younger women were less likely to want LDKT compared with younger men. Importantly, younger women were more likely to receive unsolicited offers for kidney donation compared with men regardless of age, even when they did not want an LDKT. This finding identifies a potential opportunity to increase the frequency of living donor transplantation among black women.
Even so, we are concerned by the finding that, among black patients with ESRD, women were less likely to want LDKT and DDKT compared with men. One may speculate that this sex disparity is associated with sex differences in health care use. Previous research found that, although women tend to visit doctors more often than men (38), men take more of an operational approach to health care. Men were also more likely to want aggressive therapy, such as total joint arthroplasty for severe arthritis (39) or coronary angiography and revascularization for CAD (40) . Women with CKD have been found to have low self-esteem (41) and possibly, a lack of strong social support (38) . Lack of strong social support may explain why the widowed patients (all of whom were women) were less likely to want LDKT in the multivariate analysis. This finding also suggests that, in addition to educating patients about health and quality of life benefits, the availability or lack of social support should be factored into the design of interventions (8, (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) . It is also important to note that black women are also more likely to be excluded from living kidney donation for medical reasons (52) . In contrast to other studies, surveying patients in the hemodialysis clinics enabled us to enroll patients who had not presented for transplant evaluation, which may explain why we found sex differences that were not found in studies excluding these patients. To understand the barriers that may have prevented patients from getting a transplant had they been medically suitable, we deliberately included patients who may have been unsuitable for transplant. Moreover, their attitudes may have influenced others who were medically suitable (17) (18) (19) . Severe PVD is a relative contra-indication to transplantation at our center and a known predictor of morbidity and mortality in ESRD (29) , which may explain why these patients were less likely to want LDKT.
Our study must be considered in the context of its limitations. The results are on the basis of a convenience sample of 101 urban-dwelling black patients with ESRD at two hemodialysis clinics affiliated with a university hospital in north Philadelphia that serve a largely minority lowincome patient population (53) . Despite their comparatively high rate of transplant referral, our patients are similar to other patients in that many do not complete the workup step toward the waitlist (13, 16, 48) . Although other studies show that patients with private insurance have better access to LDKT (24, 25) , only two of our patients had private insurance, and neither wanted an LDKT. The low employment rate of our patients is reflected in the fact that Medicare+Medicaid is the most common health insurance.
Although our results may not be generalizable to a national ESRD population, they are relevant to providers who serve urban patient populations, which account for over 80% of the ESRD population (54) . Larger populations and larger probability samples from socioeconomically diverse urban and rural centers are needed to explore the relevance of our findings for other hemodialysis settings as well as patients on peritoneal dialysis. Moreover, without a comparison group, we cannot speak to any racial or ethnic differences in terms of sex. Nevertheless, the DPTQ may be useful for individual centers and transplant programs to identify barriers to transplantation unique to the population that they serve and tailor their interventions accordingly. In conclusion, we found that black women were less likely to want an LDKT than men, although they were two times as likely to receive unsolicited offers for kidney donation. Future research is needed to see if sex-specific educational and social interventions can be tailored to help overcome these barriers and identify other modifiable barriers.
